The application of work strategies taking into account, from the initial stages, all the factors involved in the product design process is considered essential by the researches to generate higher quality products, assess users' needs and anticipate design problems. This paper presents two approaches of design project development, denominated respectively: projects with imposed specifications and projects with derived specifications and proposes the use of the matrix that integrates specifications and design factors (SFM). This design support tool complements others already used in the development of product concepts by higher education students, increasing the capacity of synthesis and structuring of information in order to facilitate decision-making into the design process. Its elaboration implies understanding of objectives, identifying of factors and establishing of specifications. At the same time, it aims to foster the reflection process and an integrated information analysis. The application of SFM and its contribution to different project approaches are shown in this paper.
Introduction
A large number of tasks and activities, arranged in a logical order, are involved in the design process of a product, in order to get the best result with minimal effort [1] [2] . The perception of an unsatisfied necessity or a market opportunity is the starting point to achieve the commercialization and final use of a product [3] . The main stages that are part of the product design process are presented in Figure 1 . New needs, improvements or innovation opportunities can be detected throughout the process, giving rise to the definition of a new design concepts or the transformation of the existing ones.
In an increasingly significant way, designers experience the benefit of investigation throughout all stages of design process. In order to achieve competitive and high quality products Barba [4] and Patrick [5] suggest that it is necessary to apply working methods that analyse, from the early stages, all the factors involved in this process. As Maldonado [6] proposes, the design of an object is the result of the integration of various types of factors: functional, cultural, technological or economical. Thus, product design must not only consider the users' needs, but should also pay attention to the conditions set by the manufacturers, to the governmental regulations and the social and cultural environment. Recent works being carried out in engineering design show how the number of factors that are under investigation is increasing [7] [8] .
Different methodological proposals related to the development of the design activity can be found in the literature [9] - [11] . The product design engineering provides students a great number of techniques and design support tools facilitating tasks such as the planning, drawing users wishes and needs, information search, approach to problems and possible solutions, as well as to provide ideas about how and when to deploy them effectively. A complete review of these tools can be found in Ramirez [12] and Milton and Rodgers [13] .
Moreover, a series of competencies should be acquired by the students to define and structure design problems and achieve its resolution [14] [15] . Among them, the ability to organize and to plan, to analyse and synthesize, creativity, communication skills and information management can be highlighted, not to mention the ability to combine the approaches of various areas of knowledge [16] . The tools attending the design also support and reinforce the performance of these skills by novel designers. However, the need to reinforce the reflection and synthesizing processes in the academic curricula related to product engineering has been observed [17] - [19] . Different experiences based on the planning and development of the process have been carried out in order to improve the definition of design problems, enhance the interconnectivity and strengthen the synthesis process [20] [21] .
This paper focuses at the early stages of the product design, because it is into them where values of differentiation and quality are being established. That is why it shows two different approaches to design projects identified during their implementation. A specific tool based on a matrix, to effectively synthesize and organize the initial project information is proposed. In particular, it is used to relate specifications and design factors, establishing a framework from which it is possible to generate and analyse viable design alternatives.
As indicated by Bjornfot and Stehn [22] , matrices are tools suitable to illustrate the interactions between various elements. Such tools can be included within the techniques referred as Dependency and Structure Modelling or DSM, which take advantage of their ability to relate and structure information to manage complexity [23] . To show its usefulness they have been applied in several case studies related to the design of different types of product. 
Approach to Design Projects
The project methodology involves developing activities in a sequential and repeatable way with the idea of achieving the desired result. Applied to the design and development of the product it comprises the transformation of conditions, needs and requirements into a concept or idea able to satisfy them [24] [25] . The early stages of the design process contain a high level of conceptualization and confer on the design engineering a remarkable complexity.
The main objective of the strategic definition stage (Figure 2 ) is to identify a problem, a need or an opportunity for the product improvement.
A series of actions are carried out in order to determine the requirements of the new product and the work plan for its definition and development. At this stage multiple tools are being used and different competencies are required. In addition, the detailed investigation of the legislation and the industrial property related to the product is needed, as well as the determination of the factors regarding the sustainability of the process.
The concept design stage is characterized by the use of the conclusions reached at the previous step (Figure 3 ). Ideas that provide solutions to the identified problems are being generated and different design alternatives or product concepts are being proposed for the selection of the most appropriate ones. Figure 3 shows a series of actions that are carried out at this stage, assisted by different tools. Given that there are multiple factors involved, working with a multidisciplinary team will favour the decision making process.
Considering these early stages of the design process, a product design project can be developed according to one of these approaches:
1) The product must meet initial specifications defined usually with a remarkable degree of concreteness. The main objective of the project is to propose product concepts that respond to these requirements.
2) The product specifications are not set a priori, but are obtained from both the analysis of design factors (critical or general specifications) and the generated concepts (desired or particular specifications).
These two approaches have been called respectively: 1) imposed specifications and 2) derived specifications. The tasks involved in the early stages of a design project with specifications imposed are shown in Figure 4 . The starting point lies in the definition of design specifications, which are set by the client and are communicated to the designer. The following step is to perform the identification of design factors and to develop a matrix that allows organizing and relating specifications and factors. The matrix can be used for the concept generation analysing the initial project information. The final task is the concept selection and detail design development. If the approach to the design project is carried out with derived specifications, the initial sequence of tasks is the one shown in Figure 5 . This strategy is applied usually when the client wants to introduce a new product, or to expand the range of products, and leaves its definition to the designer. In this case, the initial task is to identify design factors. After its study and review, design specifications called critical or general are defined, as they are needed in the development of any new proposal. This information is synthesized and organized using a matrix.
Then, concepts that constitute an improvement, transformation or innovation in any of the factors involved in the design are proposed. The prior application of the appropriate methods of factors identification favours the generation of innovative product concepts [26] . For each concept or idea, the product specifications, called desired or particular, are defined. These specifications allow the differentiation over the existing products and complete the previously created matrix. Finally, the selection and development of one of the concepts is performed.
In both approaches, a matrix that combines specifications and factors is created (SFM) and for its elaboration, it is proposed to group specifications and factors into three main blocks:
• Operation and function. The products seek to satisfy a need, to perform a function or even to meet multiple functions, ordered usually with a priority order [27] . This operational capacity must be achieved through a system or set of elements, which interact with each other and make it in a coordinated manner.
• User and environment. Since it is the people who use goods and services, one of the key elements of the design is its adaptation to people and their needs. Some methodologies put user at the centre of all processes, as it is him experiencing the sensations and emotions that the attributes of a product or service cause [28] .
• Production process. The possibility that the product reaches the user depends on manufacture viability. A series of design techniques have been implemented in the production process throughout the last decades [29] [30]. These techniques called DFX, aim to achieve the optimization of various aspects such as materials logistics, manufacturing, assembly, inspection, distribution, maintenance, etc. To exemplify the different approach to design projects, several case studies are presented in the following section. The resulting specifications and factors matrices (SFM) are shown for each case.
Case Studies
Approach 1: Projects with imposed specifications Two product design projects developed with known initial specifications are presented first. They have been designated as case 1: Crane for people with reduced mobility and case 2: Airbrush for high precision works.
Case 1: Crane for people with reduced mobility The design of these types of cranes has to be adapted to the needs of users with very limited mobility and an environment that generally makes it difficult to manoeuvre. Given that they are based on a structure that supports the efforts generated according to ISO 10535:2006, in this case, it is intended to project a crane with the capacity to lift and move people along small distances and with the option to change its size to pass through narrow areas. The following initial design specifications were established: • Individual use, with maximum load capacity of 180 kg and range of 1 m.
• Assisted, comfortable and safe vertical movement.
• Horizontal movement not necessarily assisted.
• Drive systems without network connections.
• Adaptation to narrow passageways such as doors or hallways.
• Technical development feasible at a competitive cost.
According to the scheme of tasks shown in Figure 4 , the factors involved in the crane design were identified and information driven from the analysis was summarized in a matrix ( Table 1) . The design specifications take the header of the rows and the factors organized by blocks of columns complete the matrix.
The user and environment block has been divided into three subgroups: mode of use, related accessories and environmental characteristics. Factors included in the mode of use are those related to the interaction between the crane and the person who manipulates it and between the crane and the individual to be transported. It therefore includes the study of the size and characteristics of the human body, the arrangement of the weight, the manner of implementing and controlling the vertical and horizontal movements and the procedure to change the range of the crane.
The dependency relations between specifications and factors have been taken into account during the development of the matrix. In this way, to propose design concepts that meet each of the initial specifications involves the detailed study of a number of factors.
As shown in Table 1 , the first specification: the maximum load 180 kg, requires a detailed study of the following factors: mechanical strength and the basic structure of the device, the provision of weight and the accessories used to make the catch; and the characteristics and availability of materials and processes used to manufacture and assembly of the crane components. Meanwhile, the specification: adaptation to narrow passages, involves the study of systems that permit to adjust the amplitude of the crane, the way to include it in the set-crane, the components of the mechanism and method of manoeuvre. Also, it is necessary the definition of the minimum amplitude of the aisles or walkways where it will be used.
Thus, the matrix in Table 1 shows the connections between factors and specifications in an organized way and synthesizes the information relating to the project in order to propose a concept of crane able to meet the initial specifications.
Case 2: Airbrush for high precision works These devices require an airstream moving at high speed to atomize paint into fine droplets and to project it over a surface. Therefore, the user must be able to control two separate flows, air and paint, and simultaneously handle the airbrush in different applications. A custom-fitted airbrush allowing independent control of flows and precision work is projected in this case.
According to the scheme presented in Figure 4 , the first task of the project was to define the design specifications. These were grouped and can be located in the header of each of the rows of a matrix ( Table 2) .
The previously established specifications and the research process done on the operation of this device, its interaction with the user and processes used in its manufacture was the starting point for the identification of the design factors, which was the following task. The factors, organized into columns are shown in Table 2 . The user and environment block includes the different techniques of airbrushing, the way to hold and handle it in each case and the accessories and complements used to perform the works, as factors of the study. The methods used to achieve greater firmness and work precision, as well as the characteristics of the paints and the cleaning techniques are important factors to research.
A number of factors will condition the compliance with each of the specifications. E.g. the specification: different spray effects, requires the analysis of the paint projection methods, the type and characteristics of the nozzles to be used and the spray requirements of each airbrushing technique. Also, templates and supplements that are used in each case, the droplet sizes generated with the different paints and the final accuracy and quality of the components of the airbrush that can be obtained through the manufacturing systems.
In turn, the specification: adaptation to user, requires the study of the body and the handle of the airbrush, hand dimensions and holding method, accessories such as hoses and connectors next to the handle, and the characteristics of different materials especially those used in moulding.
The SFM created in two case studies presented, gather and organize the relevant information at the beginning of each project, and relate specifications and factors to favour better designs generation. 
Approach 2: Projects with derived specifications
In this section, the cases of two design projects where the specifications are not established a priori, but are obtained from the study of factors are presented. They have been called, respectively, case 3: Urban fitness machine and case 4: Organizing bathroom furniture.
Case 3: Urban fitness machine In this case, the project design has focused on a machine to exercise the legs and aims to propose concepts to achieve an improvement or innovation of the existing machine. Such machines can offer similar features as indoor gyms, with the distinction of offering the user a natural environment and wider schedule freedom.
The initial tasks of the project were developed according to the scheme shown in Figure 5 . Firstly, the factors involved in the design of such machines were identified. As in the previously presented cases, the factors were grouped into three main blocks and were organized by columns in a matrix ( Table 3) . Within the operation and function block, the operating principles subgroup includes factors related to the movement, the drive, the regulation and the mechanical system strength. The type of user, exercising muscle areas and the work position are the factors included into the mode of use subgroup defined in the user and environment block.
The preliminary study of the factors included in each column of the matrix allows defining the critical design specifications, which must always be present in the new machine concepts. These specifications are shown in the last row of the matrix in Table 3 .
Once the preliminary study has been achieved, three different concepts of improvement or innovation were generated:
• Concept 1: Harmony with nature.
• Concept 2: Control of the applied load.
• Concept 3: Versatility in the exercises.
Particular or desired specifications were derived from each of these concepts. Curves form, comfort and colour set were the desired specifications for the Concept 1, focused on achieving harmony with the environment.
The proposed concepts and derived specifications were incorporated into the matrix ( Table 3) . This matrix synthesizes the information related to the project and promotes the reflection to develop the most appropriate concepts.
Case 4: Organizing bathroom furniture In this case, new forms of distribution of the available space in the bathroom and organization of the different goods that are stored inside are sought. The furniture that accompanies the sink is taken as reference in order to find creative and alternative solutions to existing ones.
According to the scheme shown in Figure 5 , the first task of the project was to identify the design factors on which the innovative proposals can be based. This task requires the analysis of the proposed problem and the orderly compilation of the analysed factors, which is shown in Table 4 . The general specifications of the product, obtained from the review of the factors, are synthetically expressed in the last row of the matrix. E.g, the durability specification is derived from the analysis of the characteristics of the environmental and hygiene conditions, the characteristics of the available spaces and the ambient within user and environment block.
In this project, three different concepts were generated: • Concept 1: Furniture-complete bathroom.
• Concept 2: Storage of electrical appliances.
• Concept 3: Mobile cabinet-wardrobe.
Particular specifications were derived from each of these concepts as shown in Table 4 . These desired specifications mark the difference between the new design and the existing in the market.
Concept 1 is intended to integrate different bathroom components (sink, toilet and shower) into a single piece of furniture. This allows reducing the plumbing installation and to introduce a system for the toilet cistern to store and recycle grey water from the sink. The concept 2 aims to improve the storage of various electrical appliances used at the bathroom using a watertight compartment, with a base of multiple connectors and an electric cables collection system. Finally, the concept 3 focuses on facilitating the storage and classification of dirty clothes generally left in the bathroom waiting to be washed. The design of a mobile module, with multiple internal compartments with an upper part ready to be used as a temporary seat is proposed.
As in the previous case study, the matrix created out of factors, specifications and concepts is the synthesis of the initial stages of the project and aims to provide integrated information analysis. 
SFM Tool Compare Analysis
The realization of the SFM in the case studies presented provides a clear and accurate picture of the elements involved in the early stages of the product design. In the case of projects with specifications imposed, the SFM tool organizes the design factors establishing connections with each of the known specifications. In the case of projects with derived specifications, SFM synthesizes product requirements after the investigation of the factors affecting its design. In both cases, the aim is to obtain an overview of the factors involved in the product design, prior to the generation of conceptual alternatives and their selection. To note that the matrices remain open to the incorporation of factors not considered or specifications not listed, which can be obtained after a new review and analysis of the design process.
The development of the matrix requires understanding of the objectives proposed in the project, entails identifying of specifications, factors and design concepts and making the proper synthesis and information organization that the design team has obtained from the initial analysis of the problem. Its use as a design support tool is proposed as complementary to others that are usually employed applying the matrices.
The designer has several tools to aid decision making. Among them, the hierarchies analysis proposed by Saaty or the method developed by Pugh [31] [32] . These tools allow the assessment of different alternatives and the selection of the best valued using appropriate design criteria. In the analysis of hierarchies of Saaty the relative importance of each criterion is defined on a square matrix called "matrix of comparisons". On the other hand, Pugh's method provides an overview of advantages and disadvantages of different design alternatives through a matrix where each column represents an alternative and each row an evaluation criteria.
Several tools assist the designer when defining minimum requirements for a product, identifying opportunities for improvement and user preferences. The Kano model or the conjoint analysis technique can be included in this type of tools [33] - [35] . The use of matrices is also observed to classify the information handled along the application of these tools. The matrix that organizes functional and dysfunctional requirements is used within the Kano model and the design matrix formed by the attributes and their levels of evaluation is configured within the conjoint analysis technique.
In other cases, the design support tools are mainly used to develop solutions or generate concepts. This is the case of the TRIZ methodology based on the assumption that the principles of creativity can be applied to obtain technical innovations [36] [37] . From the "principle of contradiction" a matrix that provides a number of recommendations to solve a problem can be developed. Altshuller matrix is composed by characteristics that improve an alternative design, distributed in rows, and by characteristics that worsen it, organized in columns. The principles to resolve the contradiction are established at the intersection of rows and columns.
In most of the considered tools, the authors turn to organize the information used in their methodology in a matrix, as shown in a summarized way in Figure 6 . In this paper, the organizational matrix of specifications and factors is used. Based on the work of the synthesis made by the designers in the presented cases, SFM provides a comprehensive view of the problem to be solved.
It is a tool implemented recently in the academic field related to the authors, specifically in the Industrial Design and Product Development Engineering Degree. SFM affects the early stages of product design process and reinforces the analysis and synthesis competencies. It also aims to encourage the designer reflection process when obtaining and selecting the most appropriate design concepts. Its effectiveness in this regard will be investigated in a future work. 
Conclusions
The early stages in the product design process play a decisive role, since it is when specifications are established, factors are identified and design concepts are defined. Two main approaches of design project development are proposed in this work, denominated respectively: projects with imposed specifications, if they are established a priori, or projects with derived specifications, if specifications are obtained from factors analysis and the generated concepts. Several cases related to the design of different product are presented to exemplify these approaches.
The development of matrices relating specifications and design factors (SFM) has been carried out for each studied case. The information structured through the matrix allows a comprehensive and integrated analysis of the problem. Its use as a design support tool is proposed as complementary to others that are already routinely used in the product design process in capturing user needs, concept generation and selection of alternatives. In each case study, the matrix increases the competences of analysis and synthesis and aims to encourage the reflection process when obtaining and selecting design concepts that are able to meet the current high standards of quality and competitiveness.
